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Abstract 
This paper presents a promising method for milling with three nonlinear consistent flow of traffic, providing the cutting edge 
with respect to the sliding surface of cutting and running-profile different slip coefficients. The presented kinematic model used 
to define the matching functions between the individual movements and coordinate the movement of the top of the cutting edge. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Milling - one of the most efficient methods of treatment, as determined by high concentrations of the cutting 
(chisel) edge, both involved in the cutting process, and by allowing the individual non-linear matching between 
movements. However, when milling complex shaped surfaces there have been problems associated with large 
amounts of metal sacrificial layers. The consequence of this is the low resistance of the disk shaped or curved end 
mills, low processing performance [1]. 
At present, for the treatment of complex shaped surfaces, such as strains, dressings and molds, both convex and 
concave, (Figure 1) is mainly used for milling techniques terminal radius cutter. Milling is carried out strings and the 
movements in the X and Y axes of the nonlinear agreed since the relationship between the individual movements of 
the tool while moving from point A to point A2 constantly changing U1 / H1 Į U2 / H2. But at the same 
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time the calculation of reference points for the development of the control program is not much of a challenge, 
because equidistant trajectory represents the surface profile in the treated section except for portions at which the 
tangent to the profile of the tool is perpendicular to the axis (A3 point). In these cases, to avoid zero velocity cutting 
tool (blank) is further tilted at an angle ĳ in the machining plane. 
Modern CNC multi-axis machines allow you to play a complex kinematics with nonlinear coordination of 
movements in several coordinates one-time, but these opportunities are used insufficiently. 
Using sophisticated kinematic schemes (KS) allows the processing of complex surfaces with a simple form tools 
producing a surface with straight cutting (chisel) edges, providing a constant offset relative to the cutting( chisel) 
edge of the cutting surface, clean running-profile, as well as rolling action (generation, generating roll) of the tool 
skid. These activities can significantly improve the accuracy (exactitude, precision) of processing performance and 
tool life, and consequently lower the cost of the tool [2]. 
 
 
Fig. 1. Driving milling of complex shaped surfaces, end radius cutter. 
2. Milling by running with non-linear movements shaping 
For processing shaped surfaces with convex and concave sections of repetitive profiles developed methods with 
linear movements shaping by rounding generator. An example is the testing of gears and castellated shaft. In some 
cases, the tool has a complex shape, and thus such tools are expensive to manufacture. There are other, more 
complex kinematic scheme with nonlinear supply movements during running-in (Fig. 1) [3]. 
One of these generic methods to nonlinear object to the treated surface is a way to handle complex curved 
surfaces (patent ʋ2167746 of Russian Federation), carried out an instrument with two conical and toroidal surfaces 
(Fig. 2), because it allows you to handle the profiles intersect at any angle. 
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The rectilinear forming of the tool are performed at an angle Į, whose magnitude is equal to or less than the 
minimum angle ȕmin between tangential to the opposite sides of the profile treated surface at their points of 
conjugation with the concave portions of the profile [4]. 
Processing each of the convex side of the profile is made of the same rectilinear side of the tool, and the concave 
portion of the mating profile details - its radius of the toroidal surface. The treatment is carried out simultaneously 
with the three-governmental not linearly coordinated formative movements, lying in the same plane profiling. One of 
them, the rotary ȦH1 performed so that the tool has a rectilinear generatrix successively tangent to each point of the 
processed profile, while the other two SY, SZ and consistent with the rotational ȦX1, so that the processing profiles 
rectilinear portions forming rolled on the treated surface. The developed method of treatment of complex surfaces 
improves accuracy by running-profile parts straight forming tool, in addition, it is universal, and of high-production. 
 
 
Fig. 2. Scheme of the running complex details Profile tool with a combined profile. 
3. Kinematic model for the harmonization of the KS with two nonlinear coordinated movements coplanar 
Consider the case when profiling magnitude of the angle between two tangents to the side profile of greater, more 
than 90 degrees (fig. 3). 
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Fig. 3. The scheme of formation profile details at angle values of ȕ <90 between the tangents to the points of conjugation profiles. 
During processing, these profiles tool near the point 0 is possible to create such conditions as agreeing the three 
basic movements: rotational and two translational, when the tool is rotated about the point 0. In this case, the profile 
of the tool rolls without slipping on the treated area profiles, without crossing the trailing side unhandled Profile 
Tool items, i.e. due to the rolling tool profile right side of the trajectory B of the tool intersection of the right and left 
sides are not intersect the left side of unhandled profile [5]. 
Processing of profiles with angles less than 90 degrees when running-with-no-slip leads to the cropping tool tip 
(point B, the most remote from the rotation of the spindle-axis) initially uncultivated, and then the treated profile 
workpiece side (fig. 4). 
 
 
Fig. 4. The scheme of formation profile details at angle values of ȕ <90 between the tangents to the points of conjugation profiles. 
Possible to create conditions under which the point B moves successively touching unhandled profile points 
B1'',B2',B3'', or located at some distance from them from the opposite side of the body part. This condition can be 
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used for pre-forming of the opposite profile. In such a case, coordination of movements leads to the forming gene-
rating creep, with the sliding value of P depends on the angle ȕ and the functions that are described in profiles to run 
in and conjugated with her hand. 
 
( ( ), ( ), ).BP F f z f z E    (1) 
Movement of the work piece and tools in general can be adapted by setting the non-linear function SZ = f(Ȧx1), 
SY = f(Ȧx1), the translational movement of the table with the work piece for a given function Ȧx1 rotary workpiece 
movement. Thus, in general, the processing of the contoured surface having a convex, concave and straight portions 
are three types of coordination of the movements. 
The first - is used for processing the concave surface of the arcuate portion at the angle Į <ȕ. In this case, the tool 
is rotated relative to the engagement, which is conjugate to the center pole profiles circle radius r1, before touching 
the straight portion of the tool to the point M (fig. 2). At equality of the profile of the arcuate portion of the tool 
radius r0 radius r1 tool works with a pure sliding p = 0, and the movement of the workpiece and the tool linearly 
aligned, i.e. Ȧxi=K(SY+SZ)  Movement SY and SZ are adjusted so that together reproduce the plane-parallel rotational 
movement around the axis O1X1. 
The principal objective of pre-installed generating surface is to determine the relationship between the negotiated 
movements, such as the angle of rotation between the workpiece and ĳ corresponding movement of the workpiece 
(tool) SY, SZ. 
For a concave arcuate surface area by turning the workpiece at an angle ĳ: 
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where RA - radius of the details at the point A (fig. 2.). 
Speed of movement forming, respectively, as the first derivatives move through time, determined by the 
formulas: 
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The second type of coordination is used for sanding curved and straight sections of profiles by diffraction images 
without slipping (p = 1) and a constant largest slip p = const. 
In this case, establishing a functional relationship between the individual movements shaping reduced to 
establishing movement of the tool tip ǻSZ, ǻSY, in increments, depending on the angle of rotation of the workpiece 
ĳ. 
Moreover, these movements should be performed so that the manufacturing side of the profile tool remained 
tangential to the treated side of the profile details [6]. 
We introduce the following notation: 1, 1'- successive positions of the profile tool (fig. 5); 2, 2'  - successive 
positions run in the profile parts; A1, A1'- the initial point of contact with the tool surface treated in two successive 
positions of the workpiece; A2, A2'- the following point of contact, respectively; B1, B1' - two successive position of 
the tool tip when you move the tool along the Z and Y axes, without running-in; B"- position of the tool tip at the 
next point of contact with the workpiece while moving the tool simultaneously along the axes Z and Y when 
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running. Processed profile side may be set points A1, A2, A3, A1', A2', A3', or a functionally f, f'; are not handled - fB, 
fB' or points T1, ..., Ti - 1, Ti, Ti + 1, ..., Tn. 
 
 
Fig. 5. The scheme of establishing a functional link between the formative movements at constant slip. 
Provisions are determined by the profile of the tool 1, the angles of inclination to the axis O1Z of the system 
O1YZ coordinates or instrument profile angle Į/2. To handle profile, the position of which varies O1YZ coordinate 
system according to the law: 
,tI Z    (4) 
tool profile should be tangent to all the successive positions of the surface profile described by a function y = f (z) in 
the same coordinate system. By turning the profile of the surface at an angle ĳ profile tool moves from point A1 (z1, 
y1) to the point A2' (z2', y2'), i.e. when processing with sliding p = 0 the vertex of the tool in the move along the Z 
axis of the point A1 to point A2'(B'). 
For generating without slipping (p = 1), the top of the profile moves from point B to B'' profile length ȼ'ȼ'' was 
curved portion of the machined A1' A2' or A1 A2. Therefore, the problem boils down to defining the tangent 
equations, carried out at an angle (90-Į/2)  to the axis O1Z to two provisions of the functions y=f(z), differing by the 
angle of rotation ĳ. This problem is solved relatively simply to the starting position A1A2 profile on the site and is 
quite difficult for the next position of features in the area A1' A2'. 
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4. Kinematic model definition of touch screen points and positions the top of the profile of the tool in 
functional specification profile 
1. Determine the angle to the tangent to a point A2 (coordinates z2, y2), belonging to the profile in the initial 
position. At this stage, the analysis of the tangent as to applicate at the value z2 may be several equations, tangent to 
this function. The angle of inclination of the tangent at the point A2 
   (5) 
2. Determine the new position of point A2 (A2' coordinates z2' y2'), in which the tangent takes the position of the 
tool 1, i.e., the tangent will rotate through an angle ĳ and takes position at an angle (90-Į/2)  to the axis O1Z: 
   (6) 
Since the point A2 (A2') is rotated by an angle ĳ relative to the center of rotation O1, its new coordinates recorded 
by the function of the coordinate transformation: 
   (7) 
3. To determine the coordinates of points A1, through which held a tangent parallel to the position of the profile 1 
instrument and making an angle (90-Į/2)  with the axis: 
   (8) 
The obtained value is substituted into the equation Z1 profile function. Thus, the coordinates of the touch point A1 
by turning the profile on the angle ĳ. 
4. Defined moving crest of the tool point B' to point B without running-motion (p = 0): 
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5. Determined moving the tool tip from point B1 to point B'', and the curve AB can reliably be replaced by a 
chord. 
Assuming p = 1: 
 (10) 
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Assuming ë Į 1: 
 
 (11) 
5. The kinematic model definition touch screen points and positions the tool at the top of the profile when ȕ 
<90Û 
The third type of coordination is only used in the processing of parts of the treated surface in the vicinity of 
interfaces profile points at the angle between the tangents at the points of mates less than 90 (fig. 6) [7]. 
Navigating O1Z axis for cutting conditions should be reduced so that the top of the tool located at B'' (fig. 6). In 
this case, the basic movements when turning the profile at an angle ĳ defined by segments and ǻSZ' and ǻSY' or, 
when set point A2' coordinates segment ǻSZ''. 
 
 
Fig. 6. Scheme to establish a functional link between the formative movements near the points of conjugation ȕ <90Û. 
Since B'' point occurs at the intersection of uncultivated side profile tangent to the treated side of the profile at the 
point A2', its coordinates are determined by solving the system of equations: 
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6. Conclusion Û 
A new method for machining surfaces with complex profiles convex intersecting tools with straight cutting edges, 
permanent displacement of the cutting edge relative to the cutting surface running-profile without slipping and 
sliding tool. Running-in profile with a slip eliminates cropping profile when adjacent sections crossing angles less 
than 90 degrees. The new method allows to improve the accuracy and processing efficiency and tool life due to 
offset vertices cutting edge relative to the cutting surface and therefore reduce the cost of the tool. A kinematic 
model of the machining surfaces with complex profiles overlapping with the three non-linear movements forming 
coplanar, allowing to establish a functional relationship between the individual shaping movements. An algorithm 
for calculating the movements of the tool and the workpiece for the development of control programs. 
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